Introduction {#sec1-1}
============

Microvascular decompression (MVD) for hyperactive dysfunction of cranial nerves was developed by Gardner and Miklos\[[@ref1][@ref2]\] and discussed by Jannetta\[[@ref3][@ref4][@ref5]\] after the introduction of microsurgery under an operative microscope. MVD for trigeminal neuralgia (TN) has been shown to afford complete and long-lasting relief of pain in 70%--91% of adult patients.\[[@ref6][@ref7]\] On hemifacial spasm (HFS), the cure rate of MVD was from 54% to 85%.\[[@ref8][@ref9][@ref10][@ref11][@ref12]\] HFS is seen almost exclusively in middle-aged and older individuals, predominately women.\[[@ref3][@ref4][@ref5][@ref13][@ref14]\] It is extremely rare in children.\[[@ref15][@ref16][@ref17][@ref18]\] TN, primarily a disease of the elderly, is thought to be related to atherosclerotic changes in posterior fossa arteries that increase their tortuosity and result in the vascular compression that elicits TN.\[[@ref19]\] Hemodynamic effects due to the aging process and to hypertension in elderly patients result in the elongation, redundancy, and atherosclerosis of the involved artery.\[[@ref3][@ref16]\] Such changes in the vasculature are not likely to be implicated in younger patients with HFS and TN. We reviewed 6 patients with HFS and 1 patient with TN who underwent MVD at a single institution (contributor\'s institute no. 3) when they were 30 years old or younger.

Patients and Methods {#sec1-2}
====================

Among 418 patients who underwent MVD between January 1996 and December 2012, 228 (55%) presented with HFS and 190 (45%) presented with TN; 142 HFS (62%) and 114 TN patients (60%) were female. HFS was on the left side in 126 of the 228 HFS patients (55%); TN was on the right side in 115 of the 190 TN patients (61%) \[[Table 1](#T1){ref-type="table"}\].

###### 

Baseline characteristic of 418 patients

  Characteristic                         HFS \>30 years   HFS ≤30 years   TN \>30 years   TN ≤30 years
  -------------------------------------- ---------------- --------------- --------------- --------------
  All patients (*n*=418)                 222              6               189             1
  Female:male ratio                      140:82           2:4             113:76          1:0
  Left:right ratio                       125:97           1:5             74:115          1:0
  Compressing vessel involved, *n* (%)                                                    
   AICA                                  55 (24.8)        2 (33.3)        21 (11.1)       \-
   PICA                                  75 (33.8)        2 (33.3)        5 (2.6)         \-
   SCA                                   2 (0.9)          \-              86 (45.5)       1 (100)
   VA                                    4 (1.8)          \-              2 (1.1)         \-
   AICA + PICA                           30 (13.5)        \-              \-              \-
   AICA + VA                             19 (8.6)         \-              \-              \-
   PICA + VA                             23 (10.4)        \-              1 (0.5)         \-
   AICA + PICA + VA                      14 (6.3)         \-              \-              \-
   AICA + SCA                            \-               \-              26 (13.8)       \-
   PICA + SCA                            \-               \-              1 (0.5)         \-
   AICA + BA                             \-               \-              1 (0.5)         \-
   SCA + BA                              \-               \-              1 (0.5)         \-
   VA + BA                               \-               \-              2 (1.1)         \-
   Vein                                  \-               \-              10 (5.3)        \-
   Vein + artery                         \-               \-              12 (6.3)        \-
   Atypical                              \-               \-              4 (2.1)         \-
   Adhesion                              \-               \-              5 (2.6)         \-
   Duplicated SCA                        \-               \-              2 (1.1)         \-
   Duplicated PICA                       \-               2 (33.3)        \-              \-
   Adhesion due to previous MVD                                           10 (5.3)        \-

AICA -- Anterior inferior cerebellar artery; PICA -- Posterior inferior cerebellar artery; SCA -- Superior cerebellar artery; VA -- Vertebral artery; BA -- Basilar artery; MVD -- Microvascular decompression; TN -- Trigeminal neuralgia

We focused on 7 patients who were 30 years old or younger at the time of MVD; 6 patients were treated for HFS and 1 patient for TN. The age of 30 years or younger accounted for 2.64% (6/227) of all HFS patients and 0.52% (1/190) of all TN patients. The patients underwent preoperative magnetic resonance imaging (MRI) studies including fast imaging with steady-state acquisition (FIESTA); in all patients, we acquired magnetic resonance angiography (MRA) images.

Surgical technique for microvascular decompression {#sec2-1}
--------------------------------------------------

All procedures were performed by exploring the cerebellopontine angle through a small retrosigmoid craniectomy; auditory brain stem evoked responses were monitored throughout the procedure. For HFS, we dissected the arachnoid membrane covering the 9^th^, 10^th^, and 11^th^ cranial nerves for easy retraction of the flocculonodular lobe. After reaching the root exit zone (REZ) of the facial nerve, the involved artery was mobilized from the compressed facial nerve and an arterial loop was fixed to the dura with a bundle of Teflon fibers soaked in fibrin glue. For TN, the horizontal fissure of the cerebellum was opened widely to visualize the root entry zone (REZ) of the trigeminal nerve for identification of the involved vessel.

Ethical consideration {#sec2-2}
---------------------

This retrospective study was approved by the Ethical Committee (reference no: 170159) at contributor\'s institute no. 2.

Results {#sec1-3}
=======

Hemifacial spasm in youth {#sec2-3}
-------------------------

Neither 6 patients with HFS (4 males, 2 females, age range 23--30 years at the time of surgery, mean 27.8 + 1.8) nor a 23-year-old female patient with TN had a history of head injury, intracranial tumors, meningitis, or other infectious diseases \[[Table 2](#T2){ref-type="table"}\]. Different from the older HFS group (n=222) with 97 (44%) on the right side and 125 (56%) on the left side, 5 of 6 HFS patients younger than 30 years old were strongly involved on the right side. The earliest onset occurred at the age of 11 years (Case 1), and in the other 5 patients, the age at onset ranged from 23 to 30 years. One patient (Case 2) suffered persistent facial spasms for 2 years after her first MVD procedure performed at a different institute when he was 22 years old and mild spasms after undergoing MVD at our hospital. The initial symptom in 5 patients was a slight twitching of the lower eyelid, which later involved the entire face ipsilaterally. In 4 patients (Cases 1, 2, 3, and 6), we observed mild facial spasms at the time of discharge; at the latest postoperative follow-up (mean 29.7 months), 5 patients (Cases 2--6) were asymptomatic. None of the operated patients developed postoperative complications.

###### 

Summary of 7 patients with hemifacial spasm or trigeminal neuralgia who were 30 years or less at the time of microvascular decompression

  Case number   Age at onset (year old)   Sex      Age at surgery   Side    Diagnosis   Offending vessels   Vascular variation and length of BA (mm)                  Other treatment before surgery (duration of therapy)   Symptoms at discharge   Symptoms at the latest follow-up (duration after surgery)
  ------------- ------------------------- -------- ---------------- ------- ----------- ------------------- --------------------------------------------------------- ------------------------------------------------------ ----------------------- -----------------------------------------------------------
  1             11                        Male     24               Right   HFS         AICA                AICA between 7^th^ and 8^th^ nerve BA: 22.0               Diazepam (intermittently 4 years)                      Slight facial spasm     Slight facial spasm (1 month)
  2             24                        Female   26               Right   Recurrent   PICA                Duplicated PICA BA: 22.8                                  MVD (preceding 2 years)                                Mild blepharospasm      Asymptomatic (69 months)
  3             Unknown                   Male     30               Right   HFS         PICA                None BA: 27.3                                             Botulinum toxin (2 years)                              Slight facial spasm     Asymptomatic (10 months)
  4             21                        Female   28               Right   HFS         PICA                Duplicated PICA BA: 22.9                                  Botulinum toxin (prior year)                           No symptoms             Asymptomatic (21 months)
  5             29                        Male     29               Right   HFS         AICA                Very short BA BA: 18.0                                    Clonazepam (6 months)                                  No symptoms             Asymptomatic (42 months)
  6             25                        Male     26               Left    HFS         PICA                None BA: 22.7                                             None                                                   Mild facial spasm       Asymptomatic (17 months)
  7             23                        Female   23               Left    TN          SCA branch          SCA branch between motor and sensory component BA: 21.6   Carbamazepine (2 months)                               No symptoms             Residual facial pain (48 months)

HFS -- Hemifacial spasm; TN -- Trigeminal neuralgia; AICA -- Anterior inferior cerebellar artery; PICA -- Posterior inferior cerebellar artery, SCA -- Superior cerebellar artery; BA -- Basilar artery; MVD -- Microvascular decompression

Vascular variations in hemifacial spasm {#sec2-4}
---------------------------------------

In Case 1, the anterior inferior cerebellar artery (AICA) was located between the distal part of the 7^th^ and 8^th^ cranial nerve \[[Figure 1](#F1){ref-type="fig"}\]. Case 2 presented with a posterior inferior cerebellar artery (PICA) duplication \[[Figure 2](#F2){ref-type="fig"}\]. MRI showed that the PICA of the distal origin compressed the REZ. The 4^th^ patient also harbored a PICA duplication \[[Figure 3](#F3){ref-type="fig"}\]; MRI revealed that the distal PICA was involved. In the 5^th^ patient, the right AICA originated from the distal vertebral artery (VA). This patient\'s basilar artery (BA) was short (18 mm) \[[Figure 4](#F4){ref-type="fig"}\]; its loop compressed the REZ. The AICA was transpositioned and fixed to dura mater. Intraoperatively, we detected no atherosclerotic changes in arteries explored during surgery in any of the 5 patients.

![Case 1 (a) Axial enhanced magnetic resonance imaging demonstrating the right anterior inferior cerebellar artery (arrow) at the distal portion of the 7th and 8th cranial nerve complex, (b) axial T2 reverse magnetic resonance imaging showing the right anterior inferior cerebellar artery (arrow) between the 7th and 8th cranial nerve](AJNS-14-111-g001){#F1}

![Case 2 (a) magnetic resonance angiography showing duplication of posterior inferior cerebellar artery (arrows) on the right side, (b) sagittal three-dimensional fast imaging with steady-state acquisition magnetic resonance imaging showing the artery (arrow) compressing the root exit zone](AJNS-14-111-g002){#F2}

![Case 4 (a) magnetic resonance angiography showing posterior inferior cerebellar artery duplication (arrows) on the right side, (b) axial three-dimensional fast imaging with steady-state acquisition magnetic resonance imaging showing distal posterior inferior cerebellar artery (arrow) compressing the root exit zone](AJNS-14-111-g003){#F3}

![Case 5 (a) magnetic resonance angiography showing the origin of the right anterior inferior cerebellar artery from the distal vertebral artery (arrow) and short basilar artery, (b) axial three-dimensional fast imaging with steady-state acquisition magnetic resonance imaging showing the right anterior inferior cerebellar artery (arrow) compressing the root exit zone, (c) intraoperative photograph of the site compressed by the right anterior inferior cerebellar artery (arrow) intraoperative photograph, (d) the right anterior inferior cerebellar artery is transpositioned and fixed to the dura mater with two Teflon slings (arrows) and fibrin glue](AJNS-14-111-g004){#F4}

Trigeminal neuralgia in a youth {#sec2-5}
-------------------------------

Our sole patient with left-sided TN (Case 7) was initially treated with carbamazepine, which yielded pain amelioration. However, her pain reappeared 4 weeks later and MRI revealed deformation of the trigeminal nerve root \[[Figure 5](#F5){ref-type="fig"}\]. Intraoperatively, we found that a thick arachnoid membrane surrounded the trigeminal nerve. A branch of the left superior cerebellar artery (SCA) passed between the motor and sensory components of the nerve at the distal part of the REZ, and the root was bent dorsally. Separating the membrane from the nerve fibers straightened the trigeminal root. After separating a branch of the SCA from the nerve fibers, we transpositioned it distally from the REZ and fixed it to the dura mater with Teflon fibers and fibrin glue. In the course of 4-year postoperative follow-up, she reported occasional facial pain not requiring medication.

![Case 7 (a) axial three-dimensional fast imaging with steady-state acquisition magnetic resonance imaging showing deformation of the left trigeminal nerve root (arrow), (b) intraoperative photograph. The arachnoid membrane is thick (arrow) around veins, arteries, and nerves, (c) intraoperative photograph. A left superior cerebellar artery branch passing between the motor and sensory component of the 5th cranial nerve (arrow), (d) intraoperative photograph. A left superior cerebellar artery branch is transpositioned distally and fixed to the dura mater of the suprameatal tubercle using a Teflon sling (arrow), a Teflon ball (arrowhead), and fibrin glue](AJNS-14-111-g005){#F5}

Discussion {#sec1-4}
==========

Hemifacial spasms in youth {#sec2-6}
--------------------------

HFS is primarily seen in middle-aged and older individuals;\[[@ref3][@ref4][@ref5][@ref12][@ref19]\] primary HFS is extremely rare in younger persons.\[[@ref15][@ref16][@ref17][@ref18]\] The major offending vessel in 4 of our 6 young HFS patients was the PICA; the AICA was involved in the other 2 cases. In 5 previously reported HFS patients younger than 18 years, the major offender was the AICA.\[[@ref20]\] In another series of individuals younger than 25 years, the PICA was involved in 17 (51.5%) and the AICA in 13 (39.4%) of 33 patients. Multiple vessels were implicated in the other 3 patients (9.1%).\[[@ref21]\] Ehni and Woltman first suggested atherosclerosis as a possible etiology in patients with HFS\[[@ref15]\] and Jannetta\[[@ref3]\] cited elongation and tortuosity of the vascular loop and sagging of the brain that accompanies the aging process as factors in vascular compression in the elderly. Such vasculitic change of the offending vessels do not adequately explain HFS in young individuals. While arachnoid membrane thickening, venous compression, and venous anomalies may trigger HSF in some young individuals,\[[@ref16][@ref20][@ref22][@ref23][@ref24]\] Chang *et al*.\[[@ref21]\] detected neither anatomical vessel variations nor arachnoid thickening around the REZ and cerebellopontine cistern in their series. Others\[[@ref23]\] attributed HFS to a posterior cranial fossa of small volume due to basilar invagination and/or a flat skull base\[[@ref23]\] or to narrowing of the posterior fossa and a Chiari type 1 malformation resulting in the neurovascular compression seen in patients with HFS.\[[@ref25][@ref26]\]

Trigeminal neuralgia in youth {#sec2-7}
-----------------------------

Mason *et al*.\[[@ref27]\] encountered a 13-month-old child with typical TN; the patient underwent MVD at the age of 7 years when marked venous compression of the nerve was revealed. In their large series, Resnick *et al*.\[[@ref28]\] reported 23 patients in whom TN developed at an age younger than 18 years. Their patients underwent surgery at a mean age of 29.1 years, venous compression was found in 20 (87%). While Matsushima *et al*.\[[@ref29]\] reported that TN due to venous compression is rare (5.8%), others documented a high rate in TN patients, including young individuals \[[Table 3](#T3){ref-type="table"}\].\[[@ref28][@ref30][@ref31][@ref32]\]

###### 

Putative causes/triggering factors and surgical outcomes in young patients treated for hemifacial spasms and trigeminal neuralgia

                                                      Age at the surgery (year old)   Age at the onset (year old)            Possible causes except for typical artery compression                                        Incidence, objective/total cases (%)   Surgical outcome                                                  
  --------------------------------------------------- ------------------------------- -------------------------------------- -------------------------------------------------------------------------------------------- -------------------------------------- ------------------ -------------- -------------- ---------------- -----------------
  Hemifacial spasm                                                                                                                                                                                                                                                                                                                 
  Chang *et al*., 2001\[[@ref21]\]                    11-25 (*n*=33)                  21-30                                  Venous compression/both venous and arterial compression                                      0/33 (0)                               \-                 \-             29/33 (87.9)   2/33 (6)         22.3
  Thickening of the arachnoid membrane                0/33 (0)                                                                                                                                                                                                                                                                     
  Feng *et al*., 2011\[[@ref20]\]                     9-18 (*n*=5)                    5-14                                   Both venous and arterial compression                                                         1/5 (20)                               \-                 1/1 (100)      2/5 (40)       3/5 (60)         16.8 (3-27)
  Thickening of the arachnoid membrane                1/5 (20)                        1/1 (100)                              \-                                                                                                                                                                                                    
  Jho and Jannetta, 1987\[[@ref16]\]                  13-57 (*n*=10)                  6-20                                   Venous compression                                                                           2/10 (20)                              2/2 (100)^a^       \-             9/10 (90)      0/10 (0)         87.6 (18-132)
  Both venous and arterial compression                1/10 (10)                       1/1 (100)                              \-                                                                                                                                                                                                    
  Kobata *et al*., 1995\[[@ref22]\]                   17-28 (*n*=8)                   15-24                                  Thickened arachnoid membrane thickening encasing the offending artery                        7/7 (100)^b^                           7/7 (100)          \-             \-             \-               NA
  Levy *et al*., 1997\[[@ref24]\]                     13-56 (*n*=12)                  6-17                                   Venous compression                                                                           3/12 (25)                              \-                 \-             6/9 (67)^c^    0/9 (0)^c^       125 (83-223)
  Both venous and arterial compression                5/12 (42)                                                                                                                                                                                                                                                                    
  Liang *et al*., 2014\[[@ref23]\]                    13-36 (*n*=16)                  11-18                                  Small volume posterior of cranial fossa due to basilar invagination and/or flat skull base   9/16 (56)                              NA                 14/16 (88)     2/16 (13)      22.9 (1-44)      
  Thickening and adhesion of the arachnoid membrane   13/16 (81)                      NA                                                                                                                                                                                                                                           
  Trigeminal neuralgia                                                                                                                                                                                                                                                                                                             
  Bahgat *et al*., 2011\[[@ref30]\]                   15-24.5 (*n*=7)                 20.6-25                                Venous compression                                                                           6/7 (86)                               2/6 (33)^d^        3/6 (50)^e^    2/) (29)^d^    3/7 (43)^e^      35.6 (6-108)
  Bender *et al*., 2011\[[@ref31]\]                   3-18 (*n*=6)                    NA                                     Venous compression                                                                           3/6 (50)                               3/3 (100)          \-             5/6 (83)       1/6 (17)         15.3 (9.1-24.8)
                                                                                      Both venous and arterial compression   1/6 (17)                                                                                     \-                                     1/1 (100)                                                         
  Mousavi *et al*., 2016\[[@ref32]\]                  10-30 (*n*=21)                  NA                                     Venous compression                                                                           6/21 (29)^f^                           0/6 (0)            0/6 (0)        6/21 (29)      2/21 (10)        83.4 (6-108)
                                                                                      Both venous and arterial compression   6/21 (29)^g^                                                                                 3/6 (50)                               1/6 (16.7)                                                        
  Resnick *et al*., 1998\[[@ref28]\]                  3-53 (*n*=22)                   2-18                                   Venous compression                                                                           5/22 (23)                              NA                 9/21 (43)^h^   2/21 (10)^h^   105.2 (12-225)   
  Both venous and arterial compression                14/22 (64)                      NA                                                                                                                                                                                                                                           

^a^One patient experienced 2 recurrences, A 3^rd^ operation resulted in relief, ^b^One patient who underwent previous surgery at another hospital was excluded, ^c^Three patients were excluded because the follow-up period was with \<12 months, ^d^Both patients needed a 2^nd^ operation, ^e^One patient needed a 2^nd^ operation, ^f^All 6 patients underwent additional invasive treatment including MVD, ^g^Four patients had additional invasive treatment including MVD, ^h^One patient was lost to follow-up. MVD -- Microvascular decompression; NA -- Not available

Our series included one patient with TN (Case 7); it first occurred appeared when she was 23 years old. We detected no venous compression, rather, a thickened arachnoid membrane bent the trigeminal root, and the SCA branch went through the root, a phenomenon that has also been observed in patients with HFS.

Vascular variations {#sec2-8}
-------------------

While Jho and Jannetta\[[@ref16]\] suggested that anatomical variations in vessels at the base of the brain or at the REZ contribute to the development of HFS in youngsters,\[[@ref16]\] Chang *et al*.\[[@ref21]\] detected no such anatomic variations and no arachnoid thickening. In older patients, a characteristic angiographic finding is enlargement of the VA on the side ipsilateral to the HFS, resulting in a sharp, hairpin curve at the 4^th^ segment of the VA. Furthermore, the ipsilateral PICA which branches at the angulated portion is commonly more ectatic, elongated, and redundant than the vessel on the contralateral side.\[[@ref33]\] While vertebral angiograms of young HFS patients usually do not show such changes in the vasculature of the vertebro-BA,\[[@ref22]\] 5 of our 7 patients manifested various types of vascular variations. Two patients (Cases 2 and 4) had a PICA duplication with the distal PICA being the offender; in another 2 (Cases 3 and 6), we detected an aberrant arterial course. The AICA ran between the 7^th^ and 8^th^ nerves in a patient with HFS (Case 1) and a branch of the SCA ran between the motor and sensory components of the 5^th^ nerve in our TN patient (Case 7). The length of BA was reported to be 24--36 mm (average 30 mm).\[[@ref34][@ref35]\] According to Saeki and Rhoton,\[[@ref36]\] it ranges from 15 to 40 mm (mean 32 mm). Based on our MRA measurements, it ranged from 18.0 to 27.3 mm (mean 22.5 ± 2.7 mm) and we cannot preclude a length underestimation. In one patient with HFS (Case 5), the BA length was only 18 mm.

Vascular compression syndrome (HFS or TN) cannot be attributed to any particular type of variation because vascular variations are not very rare although we observed this phenomenon in 5 of our 7 patients. We think that vascular variations may be involved in the etiology of vascular compression syndrome in young adults. Ohta *et al*.\[[@ref37]\] reported that arteriosclerotic changes were not involved in the pathogenesis of HFS and that vascular compression syndrome was attributable, even in adults, to anatomical features of the intracranial arteries and facial nerves formed during the prenatal stage.

Surgical outcome of microvascular decompression in young patients {#sec2-9}
-----------------------------------------------------------------

Although mild facial spasms persisted in the perioperative period in 4 of our 6 HFS patients, in the course of postoperative follow-up (mean 29.71 months), 5 reported their complete disappearance. Samii *et al*.\[[@ref38]\] found that among 117 HFS patients (mean age 54.5 years) who underwent MVD, 69 (59%) were spasm free at the time of discharge and 106 (91%) experienced no symptoms during a mean follow-up duration of 9.4 years. In another series of 1642 HFS patients, 56 (3.4%) of whom were younger than 30 years at the time of MVD; there was no significant difference between young and older patients in terms of symptom duration and surgical outcomes.\[[@ref39]\] Therefore, immediate as well as long-term postoperative outcomes appear to be similar in young and older patients with HFS. Thickening of the arachnoid membrane (our Case 7) and a small posterior cranial fossa volume may not be predictive of a poor prognosis after MVD; while the prognosis may be poor in cases, the offending vessel is a vein \[[Table 3](#T3){ref-type="table"}\].\[[@ref20][@ref22][@ref23]\]

In 294 of 362 adults (81%) with TN, Sindou *et al*.\[[@ref40]\] reported a successful outcome 1 year after MVD; the cure rate fell to 75% at 15 years. Barker *et al*.\[[@ref7]\] also obtained an excellent outcome (79.7%) at 1 year after surgery in their TN patients; the outcome at 10 years was also excellent in 69.6%. In other case series, MVD to treat TN in young patients yielded unsatisfactory results\[[@ref28][@ref30][@ref32]\] although Bender *et al*.\[[@ref31]\] reported a good outcome in 83% of their patients \[[Table 3](#T3){ref-type="table"}\]. TN associated with veins is more common in young patients and may be a factor associated with unfavorable MVD outcomes in young TN patients.

Conclusion {#sec1-5}
==========

Although the etiology of early-onset HFS and TN remains unclear, our findings suggest that vascular variations may be a contributing factor in the nerve compression seen in younger patients. At least with respect to young HFS patients, the outcomes of MVD are comparable to those in older patients.
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